ABSTRACT. Baccharis dracunculifolia De Candole (DC) (Asteraceae) is indigenous throughout southeastern Latin America and is used by local people in traditional medicine. This plant is known to be the source of resin for the highly valued Brazilian green propolis. As no information is available on the safety of high doses of B. dracunculifolia extract, we evaluated the mutagenic potential of high doses of this plant extract in vivo on peripheral blood cells of Swiss mice using the comet assay and the micronucleus test. The extract was administered by gavage at doses of 1000, 1500 and 2000 mg/kg body weight. Peripheral blood cell samples were collected 4 and 24 h after treatment for the comet assay (genotoxicity assay), and at 48 and 72 h for the micronucleus test (clastogenicity assay). The B. dracunculifolia extract was devoid of clastogenic/genotoxic activity at all doses.
INTRODUCTION
Phytotherapy is very popular worldwide and common mainly among adult women for a variety of health conditions (Lewith, 2000) . While many herbal products are benign in nature, some of these compounds have potentially harmful side-effects: recent examples include ephedra use linked to cardiovascular problems (Andraws et al., 2005) , the relationship between kava-kava consumption and hepatotoxicity (Ernst, 2002) , and the Phyllantus orbicularis extract use and genotoxicity and cytotoxicity in Chinese hamster ovary (CHO) cells (Sánchez-Lamar et al., 2002) . This has led to an increased concern for the possible threat to human health posed by exposure to phytochemicals and other chemicals.
Baccharis dracunculifolia DC (Asteraceae, local name in Brazil: Alecrim do campo and vassourinha) is a woody dioecious shrub (2-3 m in height) distributed throughout southern Brazil. Its leaf extracts have been used as an antipyretic, a stomachic, and a health tonic in Brazil (Menezes, 2005) . Potent cytotoxic activity against leukemia cells and antiulcer activity have also been reported (Fukuda et al., 2006; Lemos et al., 2007; Massignani et al., 2008) . It has been reported that this plant is a source of resin for Brazilian propolis (green propolis), because of the similarity of their chemical constituents (Park et al., 2004) . In vitro toxicological studies of green propolis revealed that low concentrations show antimutagenicity and high concentrations show mutagenicity effects (Tavares et al., 2006) . In vivo analysis confirmed that high doses produced mutagenic effects (Pereira et al., 2008) .
The chemical composition of this plant has been well studied during the last years and the extract consists of a defined mixture of components, including baccharisketone, p-methoxythymol acetate, caryophyllene oxide, thymol, carvacrol, p-methoxythymol, 4-isopropyl-2-methylphenol, spathulenol, p-cymene-2,3-diol, bisacumol, 2-methyl-6-(4'-methylphenyl)-3-hepten-2-ol, 1β-hydroxyeudesma-4(15),7-diene, cadinol, an oppositane type sesquiterpene, germacra-1(11),5(12),6(E)-trien-2-ol, a tricyclic sesquiterpene, 3,4,3',4'-tetra-hydroxy-5,5'-diisopropyl-2,2'-dimethylbiphenyl, 3-acetoxy-4',5-dihydroxy-7-methoxyflavanone, and naringenin (Park et al., 2004; Fukuda et al., 2006) .
Since B. dracunculifolia has been used for a long time in folk medicine and since high doses of green propolis produced genotoxicity in vivo, the present study was carried out to investigate the clastogenic/genotoxic potential of a hydroalcoholic extract of B. dracunculifolia on Swiss mouse peripheral blood cells, employing the micronucleus test and the single cell gel electrophoresis (SCGE) assay.
MATERIAL AND METHODS

Plant material
The leaves of B. dracunculifolia were collected in Alfenas town, Minas Gerais, Brazil, and identified by Prof. Dr. Fábio Ferreira Perazzo. Leaves (300 g) of B. dracunculifolia were air dried at 40°C, powdered and extracted by maceration with water-ethanolic solvent (4 L, 90% ethanol) for 2 days. The macerate was filtered and concentrated under reduced pressure, furnishing 26.4 g (8.8% yield) of crude water-ethanolic extract. Sigma, ) was used as the DNA damaging agent in the comet and micronucleus assay using Swiss mice, and was dissolved in phosphate buffer, pH 6. The other main chemicals were obtained from the following suppliers: normal melting point agarose (Cat. No. 15510-019: Invitrogen); low melting point agarose (Cat. No. 15517-014; Invitrogen); sodium salt N-lauroyl sarcosine (L-5125; Sigma), and ethylenediaminetetraacetic acid (EDTA, Merck).
Chemicals
Animals and assay procedures
Experiments were carried out in 12-week-old Swiss mice (Mus musculus), weighing 25-30 g. The animals were acquired from the animal house of the José do Rosário Vellano University (UNIFENAS), kept in polyethylene boxes (N = 6), in a climate-controlled environment (25 ± 4°C, 55 ± 5% humidity) with a 12-h light/dark cycle (7:00 am to 7:00 pm). Food (Labina -Purina) and water were available ad libitum. The mice were divided into experimental groups of six animals, with three females and three males in each group. B. dracunculifolia extract was administered in a single dose of 0.5 mL by gavage, at doses of 1000, 1500, and 2000 mg/kg body weight, chosen on the basis of our acute toxicity studies in mice, where toxic doses were higher than 2000 mg/kg. The negative control group received distilled water. The positive control group, received 50 mg ENU/kg. The comet assay was carried out using the method described by Speit and Hartmann (1999) , which is based on the original study of Singh et al. (1988) and includes modifications introduced by Klaude et al. (1996) as well as additional modifications. Four and 24 h after the treatment, peripheral blood leukocytes from mice were obtained. A 10-µL aliquot of the cells from each animal was mixed with 120 µL 0.5% low melting point agarose at 37°C, and rapidly spread onto microscope slides pre-coated with 1.5% normal melting point agarose. The slides were coverslipped and allowed to gel at 4°C for 20 min. The coverslips were removed gently and the slides were then immersed in cold, freshly prepared lysing solution consisting of 89 mL of a stock solution (2.5 M NaCl, 100 mM EDTA, 10 mM Tris, pH set to 10.0 with ~8 g solid NaOH, 890 mL distilled water and 1% sodium lauroyl sarcosine), plus 1 mL Triton X-100 (Merck) and 10 mL DMSO. Protected from light, the slides were allowed to stand at 4°C for 1 h and then placed in the gel box, po-°C for 1 h and then placed in the gel box, po-C for 1 h and then placed in the gel box, positioned at the anode end, and left in a high pH (>13) electrophoresis buffer (300 mM NaOH per 1 mM EDTA, prepared from a stock solution of 10 N NaOH and 200 mM EDTA, pH 10.0,) at 4°C for 20 min before electrophoresis to allow the DNA to unwind. The electropho-°C for 20 min before electrophoresis to allow the DNA to unwind. The electropho-C for 20 min before electrophoresis to allow the DNA to unwind. The electrophoresis run was performed in an ice bath (4°C) for 20 min at 25 V and 300 mA. The slides were then submerged in a neutralization buffer (0.4 M Tris-HCl, pH 7.5) for 15 min, dried at room temperature and fixed in 100% ethyl alcohol for 10 min. The slides were dried and stored at least overnight before staining. For the staining process, slides were briefly rinsed in distilled water, covered with 30 µL 1X ethidium bromide staining solution prepared from a 10X stock (200 µg/mL) and covered with a coverslip. The material was evaluated immediately at 400X magnification, using a fluorescence microscope (Olympus) with a 515-560-nm excitation filter and a 590-nm barrier emission filter. For the micronucleus assay, peripheral blood from the same animals used in the comet assay was collected from the orbital vein 48 and 72 h after the treatment, and slides of blood smears were then prepared. All slides were coded, fixed with methanol and stained with Giemsa solution (MacGregor et al., 1980) . Four thousand polychromatic erythrocytes from each Swiss mouse (2000 cells from 48 h blood sample and 2000 cells from 72 h blood sample) were scored. For each blood sample (48 and 72 h), 1000 cells were analyzed per animal to determine the polychromatic/normochromatic erythrocyte ratio. The animals utilized in this study were sacrificed by cervical dislocation. The Animal Bioethics Committee of the UNIFENAS, Brazil, approved the present study in February 2005 (protocol number 03A/2005), in accordance with the Brazil's federal laws on animal care.
Scoring procedures and data evaluation (comet assay)
The extent and distribution of DNA damage indicated by the SCGE assay was evaluated by examining at least 100 randomly selected and non-overlapping cells on the slides per animal. These cells were scored visually, according to tail size into four classes, as follows: i) class 0, no tail; ii) class 1, tail shorter than the diameter of the head (nucleus); iii) class 2, tail length 1 to 2 times the diameter of the head, and iv) class 3, tail longer than 2 times the diameter of the head. Comets with no heads and images with nearly all DNA in the tail, or with a very wide tail, were excluded from the evaluation because they probably represent dead cells (Hartmann and Speit, 1997 ). The total score for 100 comets was obtained by multiplying the number of cells in each class by the damage class, ranging from 0 (all undamaged) to 300 (all maximally damaged).
Statistical analysis
The data obtained for micronucleus and SCGE assays were submitted to one-way analysis of variance (ANOVA) and the Tukey multiple comparison test (Sokal and Rohlf, 1995) , using the GraphPad Instat ® software (version 3.01). The differences were considered to be statistically significant at P < 0.05.
RESULTS AND DISCUSSION
It is necessary early in the development of unknown products and chemicals to determine the potential mutagenic effects. A balance between therapeutic versus toxicological effects of the compound is important when determining its applicability as a pharmacological drug.
Micronuclei appear in cells due to chromosomal damage during the last mitosis and they are the reliable indicators of mutagenicity of exogenous agents (Salamone et al., 1980) . Although there are several routes by which micronuclei may be produced, the acentric chromosomes generated due to the chromosomal damage are the leading candidates for their formation (Salamone et al., 1980; Mitchell and Combes, 1997) . When the acentrics form micronuclei, they result in structures that are smaller in size than the ones produced by entire chromosomes (Heddle et al., 1991) . Table 1 shows the micronucleus test results obtained for female and male Swiss mice treated with B. dracunculifolia extract: the number of micronucleated polychromatic erythrocytes (MNPCE) for each animal and means, for untreated controls and treated animals. The results obtained did not show statistically significant increase in the average number of micronucleated polychromatic erythrocytes at the three doses of the plant extract tested. Com-N.S. Andrade et al. parisons between different dose groups showed no significant differences between MNPCE mean values (Tukey test, P > 0.05). These results showed that B. dracunculifolia extract does not act as an aneugen in the mice peripheral blood cells and does not produce chromosomal fragments, that in either case leads to micronuclei. *Significantly different from negative control (P < 0.001). Two thousand cells were analyzed per animal, for a total of 12,000 cells per group. PCE = polychromatic erythrocytes; NCE = normochromatic erythrocytes. Table 1 also shows the ratio between the average number of polychromatic erythrocytes (PCE), in relation to normochromatic erythrocytes (NCE) in 1000 randomly cells anain 1000 randomly cells analyzed for each animal. The PCE/NCE ratio was not significantly different from the negative control group indicating that the B. dracunculifolia extract does not show cytotoxic properties in Swiss mouse peripheral blood cells at any of the doses tested (Tukey test, P > 0.05).
The comet assay is an attractive test in genetic toxicology because it involves: a potentially high-throughput screening assay; mechanistic studies to distinguish between genotoxicityversus cytotoxicity-induced chromosomal damage, and mechanistic in vivo studies to distinguish between genotoxic versus non-genotoxic carcinogens (Tice et al., 2000) . This assay was used in the present study to determine DNA damage measured as strand breaks and alkali-labile sites in blood peripheral leukocytes of albino Swiss mice. Tables 2 and 3 show the effects of 4-and 24-h treatments, respectively, with the extract on DNA migration in peripheral blood leukocytes from Swiss mice on the comet assay. As expected, the ENU agent used as positive control led to some fragmentation and migration of the fragments in the SCGE assay peripheral blood cells. No significant effects on DNA migration were found at the three B. dracunculifolia extract concentrations tested in leukocytes. When exposed to the test extract, most cells examined on the slides were undamaged (class 0), a few cells showed minor damage (class 1) and a very few showed a large amount of damage (classes 2 and 3). Furthermore, there was no significant difference in DNA migration among the three extract concentrations tested. Table 2 . DNA migration in the comet assay for the assessment of genotoxicity of Baccharis dracunculifolia extract in peripheral blood leukocytes from female (F) and male (M) Swiss mice collected 4 h after treatment in vivo.
Baccharis dracunculifolia lacks clastogenic/genotoxic effects
*Significantly different from the negative control (P < 0.001). 1 Total number of damaged cells (classes 1 + 2 + 3).
B. dracunculifolia is a source of resin for Brazilian propolis (green propolis) (Park et al., 2004) . Tavares et al. (2006) observed in CHO cells that green propolis is genotoxic at high concentrations, while at lower concentrations it displays antigenotoxic effects, indicating the characteristic of a "Janus" compound. Similar results were obtained by Munari et al. (2008) analysing B. dracunculifolia extract in CHO cells by chromosomal aberration assays. Lima (2007) observed that difLima (2007) observed that different fractions of green propolis produced increase in the mutagenicity of the methyl methane sulfonate in CHO cells, and in the H 2 O 2 mutagenicity in CHO and HepG2 cells. These same fractions produced chemopreventive activity against the mutagens diethyl-nitrosamine and 4-nitroquinoline 1-oxide. Pereira et al. (2008) observed that the acute consumption of high doses of green propolis produced some mutagenic effects on blood cells of mice, confirming in vitro results obtained by Tavares et al. (2006 Table 3 . DNA migration in the comet assay for the assessment of genotoxicity of Baccharis dracunculifolia extract in peripheral blood leukocytes from female (F) and male (M) Swiss mice collected 24 h after treatment in vivo.
mutagenic effect on the rat erythrocyte micronucleus test (Resende et al., 2007) . The same authors even observed that the extract causes a significant reduction in the frequency of polychromatic erythrocytes with micronuclei induced by doxorubicin, probable due to the antioxidant properties of the flavonoids present in this plant. In conclusion, the results obtained in the present study show that the mixed compounds present in crude water-ethanol extract of B. dracunculifolia did not induce any clastogenic/genotoxic response in blood cells of mice, when administered at high, single doses, confirming the results of Resende et al. (2007) .
